Background
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Mycobacterium tuberculosis (MTB) infection causes tuberculosis (TB), one of the most serious problems in public health globally [1] . The most common site of TB infection is the lung, although the bacteria can also spread to extra-pulmonary sites, leading to extrapulmonary TB (EPTB). Tuberculous pericarditis (TBP) is a type of EPTB. The incidence of TBP has been increasing along with the acquired immune deficiency syndrome (AIDS) epidemic. TBP was the most common reason for pericarditis in areas with high TB burden [2, 3] . TBP is known to increase the risk of unfavorable outcomes, including cardiac tamponade, constrictive pericarditis, and mortality [4] . The fatality rate of TBP is high (17-40%) above six months [3, 5] . Therefore, TBP should be diagnosed and treated as early as possible. However, the diagnosis of TBP is challenging and is often postponed [6] , because the MTB culture and positive smear rates from pericardial effusions are very low [7] . Other tests are also used for diagnosing TBP; for instance, adenosine deaminase (ADA) is commonly used in the diagnosis of TBP. A metaanalysis showed that the overall sensitivity (95% confidence interval [CI] ) of this test was 90% (86-93%) and specificity was 86% (83-89%) [8] . Interferon-γ release (T-SPOT.TB) test using pericardial effusion and blood can also be used for the diagnosis, and it has a sensitivity of 92% (72-99%) and 83% (62-95%) and a specificity of 92% (78-98%) and 95% (81-99%), respectively [9] . In addition, the lipoarabinomannan (LAM) assay using pericardial effusions and urinary samples has been shown to have low sensitivity, but high specificity. For instance, a previous study revealed that the sensitivity and specificity of the LAM assay using pericardial infusion were 11.6% (6.0-21.3%) and 88% (70.0-95.8%), respectively, while those using urinary samples were 17.4% (9.1-30.7%) and 93.8% (71.7-98.9%), respectively [10] . However, as pericardial effusion is difficult to obtain in several cases and these tests lack scope, the diagnosis of TBP is still very difficult.
The Xpert MTB/RIF assay shows a high accuracy for PTB and EPTB detection, and it can provide results within 2 hours [11, 12] . Previous studies have shown that this test has a high sensitivity and specificity for PTB and EPTB [13, 14] . However, the diagnostic utility of Xpert MTB/RIF on TBP has not been studied well. Only one relevant study has been published, and it showed a sensitivity of 63.8% (52.4-75.1%) and a specificity of 100% (85.6-100%) compared to those of the ADA and interferon-γ tests [15] . No studies have been conducted to evaluate the diagnostic value of Xpert MTB/RIF assay for TBP using pericardial tissues.
This study aimed to assess the diagnostic performance of the Xpert MTB/RIF test for TBP using the pericardial tissues. We also compared its performance with that of T-SPOT.TB assay.
Materials and methods

Research participants
Patients with imaging findings of pericardial effusion or pericardial thickening (CT and/or echocardiography), corresponding symptoms, pericardial effusion properties, tuberculosis contact history, or other sites of tuberculosis that were suspected of having TBP, who were admitted at Hangzhou Red Cross Hospital, the TB diagnosis and treatment center of Zhejiang province, between January 1, 2016 and December 31, 2016, were included in the study. All patients included in the study provided signed informed consent and agreed to undergo pericardial resection or pericardial fenestration to obtain the pericardial tissue and at least 9 months of follow up to assess the response to treatment. We performed pericardial fenestration through video-assisted thoracoscopic surgery (VATS) when the adhesion of pericardium was not tight. The situation of pericardial adhesion was judged by the course of disease, pericardial thickness and residual pericardial effusion. When the adhesion of pericardium was tight and constrictive pericarditis occurred, we performed pericardial resection through median sternotomy. Patients with severe underlying disease, those who were pregnant, those who showed uncertain results for T-SPOT.TB using peripheral blood and Xpert MTB/RIF using pericardial tissue, and those who missed the follow up were excluded from the study. Written informed consent was obtained from each patient, prior to inclusion in the study, and ethical consent was obtained from the human research ethics committee of Hangzhou Red Cross Hospital. We evaluated the medical records of all the patients studied. The diagnosis was performed based on clinical manifestations, imaging, microbiological results, pathological results, and the effect of anti-TB therapy. All patients were screened for HIV.
Categories of diagnosis for analysis [9, 10] After the confirmation of pericardial effusion or pericardial thickening by echocardiography or enhanced computed tomography (CT), the diagnosis of pericarditis was established. The clinical presentations of pericarditis include shortness of breath, edema, and multiple serous cavity effusions. Based on the results of microbiological culture, imaging, histopathological examination, biochemical examination of pericardial effusion, and the effect of anti-TB treatment, the patients were assigned to one of the following diagnostic groups:
1. Confirmed TB: MTB was detected in the pericardial effusion or biopsy sample by acid-fast bacilli staining, culture, polymerase chain reaction (PCR), or by the presence of granulomatous inflammations in pericardial biopsy tissue. Sputum acid-fast bacilli stain, culture, and/ or by PCR showed positive results in the presence of clinical manifestations and changes in the results of imaging of TB, while other causes of pericardial effusion were excluded.
divided for histopathological examination and Xpert MTB/RIF assay and culture (including MTB, bacteria, and fungi), after grinding.
Xpert MTB/RIF test
The test was performed on the pericardial tissues collected through pericardial fenestration or pericardiectomy. One milliliter of the milling pericardial tissue was placed in a pretreatment tube, and 2 mL pretreatment solution was added. The solution was agitated for 20 s and then set aside for 15 min. Next, 2 mL of the treated sample solution was added into the Xpert MTB/ RIF reaction box, which was arranged in the detection module to start automatic detection. The system could automatically read the results of MTB within 2 h [12] . The reaction box and the detection modules were developed by the Cepheid company of the United States.
T-SPOT.TB assay (Oxford Immunotec, Abingdon, UK)
At least 8 mL peripheral venous blood was collected from each participant, and T-SPOT.TB was performed by laboratory staff, who were blinded to the patients' clinical data. The test was performed within 4 h of collection. The T-SPOT.TB assay has four holes: a hole (nil) to measure background interferon-producing T-cells (spot-forming cells; SFCs) as the negative control, two antigen holes (early secretary antigenic target 6-kDa protein [ESAT-6] and culture filtrate protein-10 [CFP-10]) to measure MTB-specific SFCs, and a hole to measure non-specific SFCs as the positive control (mitogen). The number of SFCs is used as the basis for classifying the results. If the spot count in the TB antigen holes exceeds a specific threshold after subtracting the number of spots in the negative control hole, non-specific SFCs are defined as positive results [16] .
Data processing and statistical analysis
The SPSS 24.0 (SPSS Inc, Chicago, IL, USA) was utilized to analyze the sensitivity, specificity, likelihood ratio (LR), predictive value (PV), and AUC of the Xpert MTB/RIF and T-SPOT.TB assays to evaluate their diagnostic efficiency. Histopathology and composite reference standard (CRS) were chosen as the reference diagnostic criteria. Individuals with missing data were not included in the diagnostic analysis. The mean value, standard deviation (SD), and the median and interquartile range (IQR) were used to describe the data. Chi-square (χ 2 ) test and Fisher's exact test were used for comparing the proportions. The differences between AUCs were analyzed using the STATA 14.0 (STATA Corporation, College Station, TX, USA). Differences with P < 0.05 were considered statistically significant.
Results
Thirty patients suspected to have TBP were registered. Among them, two patients refused surgery, and one of them showed negative results in T-SPOT.TB and Xpert MTB/RIF assays. Thus, 27 patients were enrolled for the experiment (Fig 1) .
Of the 27 patients, 14 (52%) were diagnosed as confirmed TBP (one of them was sputum smear-positive), 3 (11%) were diagnosed with highly probable TBP, and 10 (37%) had no TBP (one patient had connective tissue disease, and nine had non-specific pericarditis). Most of the patients showed no obvious pericardial effusion and could not safely undergo pericardiocentesis. Only 7 (26%) patients showed pericardial effusion after pericardial puncture. Sixteen (59%) patients showed unilateral or bilateral pleural effusion, and 9 (33%) patients showed both pleural effusion and ascites. Among the patients with confirmed TBP, 4 (29%) had PTB and 1 (17%) had both PTB and vertebral TB. Among the non-TBP patients, 3 (30%) had obsolete PTB. HIV-positive patients were not included in the study. MTB, bacterial, and fungal cultures were negative for all patients. The clinical features of patients with suspected TBP are presented in Table 1 .
Evaluation of diagnostic efficiency
Histopathology and CRS are considered to be the gold standards for diagnosing TBP. CRS includes results of microbiological culture, imaging, histopathological examination, biochemical examination of pericardial effusions, and the effect of anti-TB therapy. Diagnostic accuracy of the tests was estimated and compared to that of histopathology and CRS. The results are summarized in Tables 2 and 3 .
Xpert MTB/RIF test
Evaluation of the overall efficiency of the Xpert MTB/RIF assay revealed that it had a sensitivity, specificity, PPV, NPV, PLR, NLR, and AUC of 78.6% (49.2-95.3%), 92.3% (64.0-99.8%), 91.7% (61.5-99.8%), 80.0% (51.9-95.7%), 10.21 (1.52-68.49), 0.23 (0.08-0.64), and 0.854 (0.666-0.959), respectively, using histopathology as the reference. When CRS was used as the reference, the Xpert MTB/RIF assay had a sensitivity, specificity, PPV, NPV, PLR, NLR, and AUC of 70.6% (44.0-89.7%), 100% (69.2-100%), 100% (73.5-100%), 66.7% (38.4%-88.2%), 0.29 (0.14-0.61), and 0.853 (0.664-0.959), respectively (PLR was undefined). None of the patients included were resistant to rifampicin.
T-SPOT.TB assay
Using histopathology as the reference standard, the T-SPOT.TB assay using peripheral blood had sensitivity, specificity, Comparison of diagnostic accuracy
The differences between the sensitivity and NPV values of the Xpert MTB/RIF assay using the pericardial tissue and the T-SPOT.TB assay using the peripheral venous blood, and those of histopathology and CRS, respectively, were not statistically significant (78.6% vs. 92.9%, P > 0.05; 70.6% vs. 94.1%, P > 0.05; 80% vs. 66.7%, P = 1.000; and 66.7% vs. 66.7%, P = 1.000).
The specificity and PPV of the Xpert MTB/RIF assay were higher than those of the T-SPOT. TB assay (92.3% vs. 15.4%, P < 0.05; 100% vs. 20%, P < 0.05; 91.7% vs. 54.2%, P < 0.05; and 100% vs. 66.7%, P < 0.05), with histopathology and CRS considered as reference standards, respectively.
When histopathology was used as the reference standard, the PLR and NLR of the Xpert MTB/RIF assay were higher than those of the T-SPOT.TB assay (10.21 vs. 1.10, P < 0.05 and 0.23 vs. 0.46, P < 0.05). However, there was no difference between the NLR values of Xpert MTB/RIF and T-SPOT.TB tests (0.26 vs. 0.26, P = 1.000) when CRS was used as the reference standard.
The AUCs from the Xpert MTB/RIF were 0.854 (P < 0.05, compared with AUC = 0.5) and 0.853 (P < 0.05, compared with AUC = 0.5), when histopathology and CRS, respectively, were used as the reference standards. The results indicated that Xpert MTB/RIF had a favorable diagnostic value for TBP. The AUCs from T-SPOT.TB were 0.541 (P > 0.05, compared with AUC = 0.5) and 0.571 (P > 0.05, compared with AUC = 0.5), when histopathology and CRS, respectively, were used as the reference standards, indicating that T-SPOT.TB was not exceptionally suitable for diagnosing TBP. The differences in the AUCs from Xpert MTB/RIF and T-SPOT.TB were statistically significant (0.854 vs. 0.541, P < 0.05 and 0.853 vs. 0.571, P < 0.05), with histopathology and CRS used as the reference standards, respectively. The AUCs of Xpert MTB/RIF were obviously higher than those of T-SPOT.TB.
Discussion
The Xpert MTB/RIF assay is a rapid, automatic, and WHO-approved TB diagnostic test, which can not only diagnose MTB complex DNA, but also confirm rifampicin resistance caused by the rpoB gene mutations [11] . This assay is also the preferred diagnostic method for detecting drug-resistant or HIV-associated TB [17] . It is widely used for diagnosing PTB and EPTB. Several studies have reported the diagnostic efficiency of Xpert MTB/RIF for PTB and EPTB. For instance, Chew MY et al. showed that Xpert MTB/RIF had a sensitivity of 75% and a specificity of 99.5% in an intermediate-burden setting for diagnosing PTB [18] . A study in Ethiopia showed that Xpert MTB/RIF had a sensitivity of 93.5% (78.3-98.9%) and a specificity of 69.2% (66.4-70%) for tuberculous lymphadenitis [19] . In case of pleural TB, Xpert MTB/ RIF showed a sensitivity of 22.5% (12.4-37.6%) and a specificity of 98% (89.2-99.7%) [20] . Table 3 . Diagnostic value of Xpert MTB/RIF and TSPOT.TB tests, using that of CRS as a reference standard. P-values corresponded to statistical comparisons between Xpert MTB/RIF and TSPOT.TB tests. Comparison between diagnostic validities of Xpert MTB/RIF and interferon-γ release assays T-SPOT.TB is another frequently used technique for diagnosing TB in various systems [21] [22] [23] . The test can be performed on blood and other body fluids [9, 22] (such as pleural effusion and pericardial effusion). However, in our hospital, all samples other than blood are tested by the T-SPOT.TB assay. Therefore, this assay was not used on pericardial effusion or tissues.
Sensitivity
TBP is a type of EPTB, which accounts for about 4% of pericarditis cases in the developed countries [3] ; in South Africa, this rate is as high as 60% [24] . In this study, TB was found to be the cause of pericarditis in 63% (17/27) of the patients, which is a rate higher than that reported previously [25] . This might be because our hospital is a diagnosis and treatment center for TB in the Zhejiang province, with a naturally high proportion of patients with TB. We consider that an imperfect reference standard may lead to misclassification of samples in diagnostic validity studies. In case of EPTB, histopathology is an imperfect reference standard. This reference standard would lead to an underestimation of the true specificity of Xpert MTB/RIF. CRS is a composite standard, which includes results of several tests or clinical conditions that may sometimes be reclassified as false positive results of Xpert MTB/RIF as true positive results, and thus, lead to an increase in Xpert MTB/RIF specificity. However, CRS itself may have reduced specificity that could result in apparent false-negative Xpert MTB/RIF results, leading to an underestimation of the true sensitivity of Xpert MTB/RIF. Therefore, a comparative study with the two reference standards, histopathology and CRS, might provide a more credible range for sensitivity and specificity.
There have been very few reports on the diagnostic utility of Xpert MTB/RIF for TBP. The Xpert MTB/RIF assay was performed on pericardial effusions in previously published studies [15, 26] . The utility of Xpert MTB/RIF using pericardial tissues has never been reported. In this study, the vast majority of patients (20/27) did not show adequate pericardial effusion at the time of admission to safely perform pericardial puncture. Therefore, we assessed the diagnostic value of Xpert MTB/RIF on pericardial tissues, which were obtained by pericardial fenestration or resection. To the best of our knowledge, this is the first report to assess the diagnostic utility of Xpert MTB/RIF using pericardial tissue for TBP and compare it with T-SPOT. TB test.
The T-SPOT.TB assay was found to be more sensitive than the Xpert MTB/RIF assay, although the difference was not statistically significant, regardless of the reference standard used. Xpert MTB/RIF assay had higher specificity (92.3% and 100%, with histopathology and CRS as the reference standards, respectively) and PPV (91.7% and 100%) using pericardial tissue than those of the T-SPOT.TB assay. This result was consistent with the result of a previous study (specificity and PPV were both 100%) [15] , in which Xpert MTB/RIF was performed using pericardial effusion. However, it is still unknown whether the diagnostic value of Xpert MTB/RIF using pericardial effusion and pericardial tissue is different. Further studies would be needed to confirm this hypothesis.
In contrast, the specificity of the T-SPOT.TB assay using the peripheral blood was very low (15.4% and 20.0%, respectively, with histopathology and CRS as the reference). These values were significantly lower than the previously reported ones [9] . The PPV of T-SPOT.TB assay, compared to histopathology and CRS, was also relatively low. This might be because China has a high incidence of TB. Nearly half the population has been reported to be infected with MTB [27] , and patients with latent infection may show positive results.
The specificity and PPV of Xpert MTB/RIF and T-SPOT.TB assays were increased when CRS was used as the reference. Although histopathology is considered the gold standard for diagnosing TBP, it is not a perfect reference method. The results of pathological diagnosis are closely related to the location of the biopsy site, the quality of equipment, and the experience of the physician. CRS classifies TB based on positive results from one of the several criteria, including culture, clinical manifestation, histopathology, imaging, and response to treatment, resulting in the reclassification of false positives to true positives and increased specificity and PPV [28] .
Receiver operating curve (ROC) analysis showed that the AUC of Xpert MTB/RIF was significantly higher than that of T-SPOT.TB, regardless of the reference standard. The T-SPOT. TB assay was found to be not important for diagnosing TBP, while the Xpert MTB/RIF test played a crucial role in it.
There were a number of limitations of the present study. The number of patients studied was limited and included no positive cases of MTB culture. This might have caused a bias in the evaluation of the effectiveness of the diagnosis. Furthermore, this was a single-center retrospective study, performed in the TB diagnosis and treatment center of the Zhejiang province. This might have led to a selection bias, as the patients enrolled would always be suspected to have TB. This might also explain the high prevalence rate of TBP in this study, compared to the previous ones [9, 25] .
Studies on the viability of the Xpert MTB/RIF assay using pericardial tissues for the diagnosis of TBP are rare; our study may have some clinical significance, although the applicability of an invasive operation may be limited. In future studies, multi-center cooperation is needed to assess the diagnostic validity of Xpert MTB/RIF in a wider population.
Conclusions
In summary, the diagnostic validity of Xpert MTB/RIF using pericardial tissue for TBP has not been studied before, and to the best of our knowledge, this was the first such report. We concluded that the Xpert MTB/RIF assay using pericardial tissue showed high specificity and PPV for diagnosing TBP. The specificity and PPV of T-SPOT.TB were low, but the sensitivity was high. The Xpert MTB/RIF assay had better diagnostic efficiency for TBP than T-SPOT.TB assay had. Thus, Xpert MTB/RIF is a suitable diagnostic method for TBP, and the diagnostic value of T-SPOT.TB is not exceptional. 
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